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1. Introduction and motivation. |
2. Extracting Vi, from nonleptonic B decays.
(a). perturbative and non—perturba,twe corrections
(b). “theoretical” uncertanties
- 3. Conclusions and outlook.
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Introducltigm and motivation

basis .

) —/ ! 7, Iy
_L:F,mass = ULmuuR+dLmddR+ -

= @pmyug +drmgdg + ...

e Diagonalization affects quark charged weak currents

JE = 2ug vy o = 207" [SETSﬂ op 008

quark mixing matrix

) V;td ‘V;ts V;x.b
Voxu =S8 = Vig Vs Vi |,
‘ Vie Vis Vi)

e Wolfenstein parameterization .

1=M/2 -~ A AN(p~in)

VGKMﬂ ( —A . ll—)\2/2 ' A)\z
AN (1—p—in) —AN 1

o Complex phase = CP violation !

e

o SM Lagrangian Mass matrices are not diagonal in the gauge

@y, SESE mi, SpSH uh + dy S§ST miy SESH dip + ...

e Assume three generations = Cabibbo-Kobayashi-Maskawa
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/ . CKM matrix is Umtary by conﬁtru;:tion

-%de 4 VeaVg + VaaVig = 0

e Unitary triangle in the complex (p,7) plane
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o

[Vis] = A = 0.2196 : 0.0023, |Vas| = 0.0395 % 0.0017,

Vi Vs| = 0.090 0025

o Overconstrain Unitary Triangle to get a grip on

o CP violation
~o Possible New Physics effects
= measure sides and angles separately
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Available methods for determination of V;b‘ | \
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¢ Vi from inclusive semileptonic b — ulv decays g‘:‘ﬂ'}:“z“, 5?3; ol al.
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e Exp. Problem: intractable everywhere except the endpoint

Th. Problem: Operator Product Expansion breaks down there 3% at.al.
Other variakles 7 Falie Ligeti Wise

o Vi from exclusive semile tonic.ﬁ—? m(p)lv decays  Dell Brawm
b ‘ P (p) : Y Burdman Kamboy
e Exp. Problem: tiny rate, otherwise Ok _ E?ﬂu fﬁcl’l e |

- Th. Problem: unknown hadronization physics.

= Lattice, QCD sum rules, dispersion relations, ...
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f; Extracting Vub from B dec-ays. to anti-charm \

e b — uZs’ has quarks of different flavors in the final state:
— no contributions from penguins or final state rescatterings

Afalle | AP (iucl)

. Presenf:e of € in the .ﬁna,l state | B.Grinslein R.lebed
= unique process signature | (B=DYy exel )
Y.Chay, A Fallc,
¢ Three charged particles in the final state M. Lutea | A.P,
= possibly under better experimental control = M. Sewel , & Buchala,
| . T Dunietg

. Coﬁsider ratios =>- some of the theoreticai uncertainties cancel
I'(b— cus’) Viel>
NJI'(b— clv) Ve
tpﬁg n"" "ﬂ‘t H;JE.S
o} u“;-l-qra‘ Manafq

E.g. R-=

. ® Other normalizations?
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/ ' Theoretical feasibility A.ﬁ!lc.;/].?@ﬂ‘m“\
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o b= £X is mediated by the AB = 1 Lagrangian ( V-A)¥ (V-A)

4Gy

L= 7 Vi [c1(1) ey Prba 857" Preg Crlma) 101

C‘L'CHL) & -0,2Y

+ ca() By, Prbp Fg* Prea] + huc.

= S Val + g aW)mPb s Pic

 + 20y(p) iy T*Peb 8 *T* Prc] + hic.,
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¢ From the optical theorem .
- T —=eX) = (BIT(b—eX = b)|B)
= .T%b(m Im {i | d*& T [£1(2), L(O)1}B)
o TEL(G) % ().
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. / » What ratios are feasible theoretically and experimentally?

I'(b — cus) Val2
; = oy |l—1 (1 e) oo
. D= cX)—T(— eX) _, _ D(b— 2us)
2T T Tl = cud) T 7T T(b— cud)
I(b— eX)—T(b = eX) T(b— cud)
Ry = = ‘ — Ry

NI(b— clv) NJI(b — clv)

5 -'\‘A WAY I'(b—&X) = I'(b— ucs)+T'(b— &),

u(e)
_f:i' T — eX)

¢ Ry: the simplest ratio one can form, but: -
Background from b — cCs": get rid of it ezperimentally?
e Ry: get mid of b — ¢Gs’ theoretically!

.
—
Db — cid) + I'(b — czs')!

o Hg: different normalization, more measurements...

T(b— cad)
N.I(b — clv)

Ry =1+4d3 — Ri, 03 =

e ... and a very different experimental problem !
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Ryt compdhénts of the final answer . \

e Parameterize the 'polarization tensor’
TE(0) = 5 [A@) (augy — ¢ow) + B(@)aue]
e The decay rate b — cXyuq 18
T(b - uds') = 3NTo[Vaul*zs [ da(I/me—2)" A= AatA b

X [ﬁl_(_z? (22 4+ 1/zc) + B(z) /=], B =’B,‘-} Bt

with ¢, = mfﬁ/mg and Ty = GZm} /192x%. .
‘= note my |

» At the leading order
Ao(2) = xaolz) =

5 Bile) = xole) =

z ..lt “.‘X.;-.)

ix (1 mll/z)g (1+ 1/23) L~ Js
x(l—l/z) /= g
D(b — clv) = To|Va|*f(z0), thauasy Ne F’!\/m./ {x. )f

flze) = 1— 8z, + 8z — 12:1: Inz,

Ry = T(b— &Xua)/NL(b = clv)

= x|Via/Val” {1 + O(axs, 1/mg)}-

f = |
/ ‘ls l/mb ) '/Mﬁ ) wen )
(¢ +¢z/ﬂc3 racy /e st 09 (M= q,gg,w) ' i

| ‘ No Yy correchon !
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/ Ra: campb-n.énts of the final answer

e Form ’asymmetry’ to cancel b — cCs

R I'(b— cX) —T'(b— &X) 1 I'(b — cus’)
2 = — 4

T(b—cad) ~ ~  T(b— cad)

I'(b — ¢X) = ['(b— uzs') + (b — c@s'),

I'(b = cX) =T(b = cis’) + T(b — czs")!

¢ Exp R requires sepératibn of b —+ cud’ and b — ced’
=> easier problem!
o Th. Some of the LO QCD corrections cancel out in 63 = 1— Ry

= milder scale dependence!
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Rs: components of the final answer

e Form ’agymmetry’ to cancet b — cGs, diﬁerent'norma;liza,tion

Db eX)—T(b— X) _ T(b—» cad)

Be= T N6 S ) NI av)

¢ In ideal world,

I cud)
N — clv)

=1 + known QCD corrections

= *Easy’ measurement and 'clean’ theory

o In real world, known QOD corrections’ are not known to the

e, precision (~ 1%)...

= Measure & = T'(b — ctid’)/N.T'(b - clv) as well.

¢ Thus, at this point, Hj3 is equivalent to Rs... |




/ Perturbative QCD corrections \

o Charm mass effects tend to enhance the ratio R,

Binglet O,
| Z(5) o
b b |
e ' B-:;JE:‘:‘
b eld
« Main effect: corrections to TE%(g):
: Al = xw@ 2 [h) o he)],
7@5 Bifz) = xbo(2) 521fi(a) - 1], -

‘ﬂ“ﬂ:) ‘3‘”

e This corrects R, in the followiﬁg way
| | c
R=xVa/Val {1+ 90 2+ ..},

with g(we) = apu(ee) — aselwe) + aze(xc)

. $in3’e{ (O,) covtri bution a...b o N 2
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FIG 1. Radiative corrections to R, as a function of z...
We display curves for az,s (dashed), apu (dotted), apc (dot-
ted-dashed), and the total g(mc) (sohd) :




/ Perturbative Q.CD cDrreétio-ns: full NLO \
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I'(t = ugs) = %I‘Q{ 2Li(ﬂ)+Li(u) |

| 4 [as(mw) (M)HZL?,_(#)RJ,"FLz(/.&)R} N

+ (1) [L+(M)+L J2622@)+ [L—t-(#) L(u )} ‘311(32)]

+ as(p) :L.,.(p) _L_(,u)JClz({)}
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‘ : ' Cb\au Fn,lk
. e Salvage parts of the answer from other processes Q:‘“ ﬂ" al,
| . \ ou BY32
(1994) 8.

c11(z) = Ge+Ga
C22(~ﬂ) = Ga+ Gy

c(t) = Go+Gy+Ge.+B
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Perturbative QCD corrections: BL.M

e Full NNLO: too hard... not expected to be large anWay
o Calculate the “BLM” part (~ foas /)

= Singlet part: corrections factorize

I‘(b—%X}--@C 1+ay ag(;nb) +a¥ Bo (@) +...

| by uZs' ‘
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FIG. 2. (a) The one-loop coefficient aff and (b) the BLM-enhanced two-loop coefficient a3 to
(1) & — us, () b— cud and (éii) b — el decays.
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FIG. 3. The one-loop coefficients g (olid) and: BLM-enhanced: two-loop

o Estimate the size of the aﬁ(mb) term

s( A filz)Bo’ (‘D‘!s(m‘?’)).2 +.. } .’ |

ry(p = mp, Te = 0 09) — i+ 1 09 % fl(l 09) .
ro(p = M, Te =0.09) — r2+ fg(O 09) =0.12 -I- 0: .6 0 18




Non-perturbative QCD corrections

e Leading my dependence cancels out in R;

e Leading 1/mf corrections cancel out in R;

o : t 0, Ool | L | , , | |
L - Youg

e ... just like in semileptonic dgcay: : - A.Falle ef.al,
b — gl¥ is symmetric as my <> my at 1/mi L. Kn)rmk:h

1. ...phase space function is symmetric
P 2. .1y involve ratios of total decay widths
1 (1% (%) is symmetric as m, ¢ m,)

| (qlsoly E-‘g‘f" ool )
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| 'Non—perturbative QCD corrections: a,\y/m?

o Two sources:
1. pQCD corrections to 1/mj terms (small...)
‘ 2. terms ~ 0102: o log(Mw/mb)Ag/mg |
| Ri = |Vie/Val {1+ lo(p,z) +...},
b2 = |Vi/Val? {1 +26(n,2) +...},

L. 3;5.' o, al

where
50, o 16(1 — z.)® Ag(u)
Eﬂ’(ﬁ': xc) = Ch (ﬂ') Chy (ﬂ') f ( mc) m%
M) = Ag(rme)[oes () /s ()]
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FIG. 4. Variation of £y with 2, and p. (a} £2(z.) for 4.5GeV < m; < 5.1 GeV and p = my.

| () £2(1s) for 2.4 GeV < ¢ < 7.2GeV and my = 4.8 GeV. o . |




/ Leading non—pérturbative corrections . \

. Leadmg 1/m§ cotrections (weak annihilation) Phae space ( 6n2)
: Ehhanm wionT / / :

3

GFmb

To Vo2 (1 — c)? {N,,.(c«.:JL + o/ N.)

[(1 + 2-’17;;) S_p— (1+ mc/Z)OV—A]
+ zcg [(1+226)TE_p — (1 +26/2)TH_4]
+ sin? 6 No(c + c1/N)*

x [(1 4+ 22,)O%_p — (1 + 2./2)0% ] |
+25in? 6 ¢ [(1+ 2$c)T3 p— (L+2c/2)T._ 4] },

where we define

Of_q = bL’Y gz Gz Yube »
O%_p = brardrbr,
TV 4 = bL’y“T qr qry,Tbz,

- Té p = brT*qL T bR.

' \ . lszcr!«'"ﬁ" - chﬁhu‘tu"‘ corrections ’ | ‘ /
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e Parameterize matrix elements

(Bl OY_a1By) = ¢ fbmp, B,
(Bg| O%_p | By) % J ,%qm%q By,

il

(BATY_4|Byg) = %fﬁqngv €1,
. ' (Bq'im_p[Bﬁ = %fgqm%q €,

e Expectations
Vacuum insertion: By =DBy=1,e3 =€ =10

In general: By~ By~ 1, 6 ~ €~ 1/N,
- » Fractional contribution of 1/ mg‘térms‘
Rl = II/'t.:b/‘ft‘.!bl2 {1 -+ al(B“:PU) + . - } 7

8 = Va/Val? {1 +a(B~, B +...},




—

¢ Calculating them we find

 swall

1671"2)‘%(1."- Tc)? | ST
N T () {Neer + cof/N;)

X [(1+226)Bs — (1 +2./2)By]
+ 263 (1 + 2zc)e — (1 + 2o/l },

aq (B_) ==

12 £2, 2 -
= e s (Ve +

X [(1 4 22,) By — (1 + 2./2) By

+ 26 [(1 4 2zc)er — (1 + w/2)er] },

1672 F3(1 — z.)* 9 .
S Ty (G

x[(L+ 22) Bz — (1 + Yz) B1]

+2C5[(1 + 2wc)es — (1 + dzo)er]

‘_'%((;'12 + 6C1Cy + C3) By — 2(C + CPer ),

167r2f§(1 -F:nc)zlﬂ 4 2
TGy el(@ i

x[(1 + 22;) By — (1 + 3ac) Bi]
+ 3R + 25c)er — (1 + Joc)er]}

‘ag(PD) =




® ... or numerically

a1(B”) = —0.48B; +0.54B; — 0.018¢; + 0.02Lez, |

a1(B%) = —0.00034B; + 0.00038B5 — 0.018¢; + 0.020¢;,
QQ(B ) = —0.4331 + 0,5432 - ,1.14&'1 + 0.02162 s
a{B%) = 0.0063B; — 0.0071B; + 0.34¢; — 0.38¢;.

' | \ t

e Employing “vacuum insertion” ansatz

B
BY)

ai(B7) = 0.062, as(
( = —8.1 x 107,

)=44x1075,
az(B”) = 0.112, )

" o Not really a reliable estimate...

= Extract B; and ¢; from lifetime measurements ?

- => Lattice, QCD sum rules, .., ?
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Survey of results for B; and ¢;

o Lattice (UKQCD, 1998): | |
Bl(mb) = 1.064:0.08, - g(mp) = —0.01 £+ 0.03, ~
By(ms) = 1.0140.06, ' ea(my) = —0.02+0. 02,

» QCD sum rules (Che:myak 1995)
| By=~=1, g~ —0.15, -
2‘3:]“-3 | N e =0, |
o QCD sum rules (Back et. al, 1098)

Bylms) = 1012001,  e(m) = —0.08:£0.02,
By(ms) = 0.99£0.01, ez(mp) = —0.01 £0.03,

pe HQET QCD sum rules (Cheng a.nd Yang, 1999)

By(mp) = 096004, e(m)=—014:+0. 01, +
Bg(m;,) = 0.95+0.02, Eg(mb,) = (.08 £ 0. 01 '

I = O Take CV from LQCD, bloﬁv up érxl'orsto reflect C'DSR
By(my) = 1.06 +0.10, _‘ €1(my) = —0.01 + 0.10,
By(my) = 1.01£0.10, es(my) = —0.02 £0.10,

. Qur estimate \
a(B) = 004£007,  a(B%) =0:0003,

—

| \ ax(B7) = 0.100.13, a(B%)=0+£005.
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85 = |Vao/ Vel [1+ rale, 1) + 28a(2e, 1) + a2(B7)]
8§ = IVub/Vcbi 1+ ry(ze, 1) + 28o(c, 1) + 02(BY)]
e ... or numerically ' rdw .;__3
o : .
Ry = |Vi/Val [1.50Z508%0.03878 3%2 + 0-07], Qen

~

Murky business of theoretical uncertanties

¢ Sommarizing all sources of uncertanties, )
o &

Pacy

i ‘ : WA
Ry = |Vi/Vial* [L+ rilae, 1) + £o(ze, ) + a1 (B7)]
R? = |%b/Vob|2 r].-1]-1"j|.(.’-"$¢, )+£2($C, )‘[‘CLI(FO)],

R = |Va/Val _1-46f8.%?i3.83§i“3.812 +0.005],
8§ = |Vie/Vasl* [1.21 £ 0.08 £ 0.015733% + 0.13],

| ; ‘ WA
8 = |Vip/Val* [1.11 £ 0.03 £ 0.0155:035 £ 0.05] .

e Account for correlations in pQCD errors,
add non-perturbative errors in quadrature

Ry = [Vao/Val* [L50£0.15], 85 = |Vi/Vigl2[1.21 £ 0.15]

RY = [Vip/ Vel [1.46 £ 0.10], 88 = [V,p/Vis[* [1.11 4 0.10]
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Conclusions and Outlook

e T Y e T A PV TR et e g T 3 P e P T 2

o A new, theoretlcally clean method of determination of the ‘
CKM parameter Vyp is proposed.

o The proposed ra.tms,

_ T(b—us) |
B= Nrp—an ~ (@) + )
R = I'(b—cX)-T(b—eX) - T(b— cus’)
e T'(b - cad’) 7 T(b— cud)
p _ Do cX)-Tb—eX) T(b—eud)
S N.I(b— clv) ~ NI — cv)

are free of leadlng renormalon ambiguities and leading 1/ m? .
corrections.

¢ Perturbative QCD o corrections enhance R; by ~ 25%.

o Non-perturbative 1/mj corrections are < 6%.

¢ CAN predict R; with an accuracy of better than 10%!




